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(54) LAMINATED PIEZOELECTRIC TRANSFORMER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a laminated 
piezoelectric transformer which is excellent in 
performance by a method, wherein a vibration mode 
where the laminated piezoelectric transformer composed 
of a support structure and lead wires deteriorates less in 
mechanical vibration coupling coefficient Qm is utilized. 
SOLUTION: Piezoelectric ceramic disks 1 are polarized 
for alternately changing in a direction 8 of polarization in 
a thicknesswise direction for exciting a higher flexing 
vibration mode B (1, 3) (three node lines, one node 
circle). After polarizing electrodes have been removed by 
etching, silver electrode paste is applied to both the 
sides of each piezoelectric ceramic disk and baked. A 
hole 4 is bored in each piezoelectric ceramic disk at its 
center so as to lead out the lead wires 3 of an input/output part. The piezoelectric ceramic 
disks are laminated and bonded together with adhesive agent. Six intersections of the node 
lines 6 and a node circle 7 of a flexing vibration mode B (1, 3) are made to serve as 
supporting spots 5, and the laminated piezoelectric ceramic disks are bonded to a board at 
the supporting spots, whereby a piezoelectric transformer is supported. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The laminating type piezoelectric transformer which polarizes a piezo-electric ceramic disk so 
that the direction of polarization may change in the thickness direction by turns, prepares an electrode in 
both sides of the aforementioned piezo-electric ceramic disk extensively, carries out the laminating of 
the aforementioned piezo-electric ceramic disk of two or more sheets, and is characterized by using the 
high order incurvation oscillation mode. 

[Claim 2] the core of each aforementioned piezo-electric ceramic disk — a hole — opening ~ the above — 
the laminating type piezoelectric transformer according to claim 1 characterized by picking out the lead 
wire of I/O from a hole 

[Claim 3] The laminating type piezoelectric transformer according to claim 1 or 2 characterized by using 
the nodal line of the high order incurvation oscillation mode, and the crossing of a nodal circle as the 
supporter of a transformer. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the structure which takes out 
the laminating type piezoelectric transformer using the high order incurvation oscillation mode, its 
supporting structure, and its lead wire. 
[0002] 

[Description of the Prior Art] The AC adapter is used, in order to begin pocket television and a notebook 
type personal computer and to supply direct current voltage to these devices with the spread of various 
pocket electronic equipment. In the electronic parts used for the AC adapter, volume is large, and the 
electronic parts which affect the conversion efficiency of an AC adapter are electromagnetic 
transformers. 

[0003] efficient-izing to recently and an AC adapter, the reduction in the small back, and 
electromagnetism - the demand of reduction of a noise, or reduction of power consumption » rising - 
an electromagnetic transformer - instead of - various piezoelectric transformers - inquiring - having - 
**** Furthermore, in order to match the output impedance and load resistance of a piezoelectric 
transformer and to realize high efficiency of a piezoelectric transformer, it is necessary to enlarge 
braking capacity of an outgoing end. 

[0004] In order to solve these problems, various laminating type piezoelectric transformers are 
proposed. For example, they are a laminating type piezoelectric transformer using longitudinal- 
oscillation mode, and a laminating type piezoelectric transformer using the direction symmetric- 
vibration mode of a path. These laminating type piezoelectric transformers transform electrical energy 
into mechanical vibration energy by the input side according to the piezo-electric length opposite effect 
or the piezo-electric horizontal opposite effect, and transform it into the electrical energy from which 
voltage differs this mechanical vibration energy by the piezo-electric longitudinal effect or the piezo- 
electric transversal effect by the output side. Moreover, almost all the conventional laminatings type 
piezoelectric transformer is supported in the nodal-line section of the oscillation mode to be used, and 
the lead wire by the side of I/O is taken out from the nodal-line section. 
[0005] 

[Problem(s) to be Solved by the Invention] However, since the actual supporting structure and the solder 
point of a piezoelectric transformer have width of face, even if it supports a piezoelectric transformer in 
the nodal-line section and takes out lead wire, the performance of a piezoelectric transformer 
deteriorates with the supporting structure and lead wire. Then, a laminating type piezoelectric 
transformer with little [ theoretically ] performance degradation by the supporting structure and lead 
wire is desired. 

[0006] Therefore, this invention is the mechanical vibration coupling coefficient Qm of the laminating 
type piezoelectric transformer by the supporting structure and lead wire. When degradation uses the few 
oscillation mode, a performance aims at offering a good laminating type piezoelectric transformer. 
[0007] 
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[Means for Solving the Problem] The following means is used for this invention in order to solve the 
aforementioned technical problem. 
/ [0008] A piezo-electric ceramic disk is polarized so that the direction of polarization may change in the 
thickness direction by turns. Prepare an electrode in both sides of the aforementioned piezo-electric 
ceramic disk extensively, and the laminating of the aforementioned piezo-electric ceramic disk of two or 
more sheets is carried out. the high order incurvation oscillation mode (B (1 m)) — using — the 2m piece 
crossing of the nodal line of the oscillation mode, and a nodal circle - the supporter of a transformer 
carrying out - the core of each aforementioned piezo-electric ceramic disk - a hole — opening - the 
above - the laminating type piezoelectric transformer which picked out the lead wire of I/O from the 
hole 
[0009] 

[Function] Mechanical vibration coupling coefficient Qm with the size of a supporter since a supporter 
is in the nodal line of the high order incurvation oscillation mode, and the crossing of a nodal circle in 
this invention Degradation is smaller than the type of mounting only in the conventional nodal-line 
section, moreover, the piezo-electric ceramic disk of a radius a which vibrates by the high order 
incurvation oscillation mode (B (1 m)) - setting — the case of m>=3 ~ the inside of the range of r<=0.2a 
~ vibration — since a variation rate is about 0, even if it picks out lead wire from a hole with a small 
radius, vibration of a laminating type piezoelectric transformer is hardly affected 
[0010] 

[Embodiments of the Invention] The example of a gestalt of three operations of this invention is 
explained with reference to a drawing. 

[001 1] First, a laminating type piezoelectric transformer consists of examples of a gestalt of the 1st 
operation of this invention like drawing 1 . In order to excite high order incurvation oscillation mode B 
(1 3) (three nodal lines, one nodal circle), each piezo-electric ceramic disk 1 was polarized so that the 
direction 8 of polarization might change in the thickness direction by turns. The polarization method 2 is 
shown in drawing 1 (a). After removing the electrode for polarization by etching, printing of the whole 
surface silver electrode was applied and carried out to front reverse side both sides of the piezo-electric 
ceramic disk 1. The piezo-electric ceramic disk 1 is 1mm in the outer diameter of 10mm, and thickness. 
In order to take out the lead wire 3 by the side of I/O, the hole 4 with a diameter of 2mm is opened in the 
core of the piezo-electric ceramic disk 1. The laminating of each piezo-electric ceramic disk 1 is pasted 
up and carried out with adhesives. The supporter 5 of a piezoelectric transformer is indicated to be 
drawing 1 (b) to (c). A piezoelectric transformer is supported by pasting up six crossings of the nodal 
line 6 of incurvation oscillation mode B (1 3), and a nodal circle 7 on a substrate with silicon adhesives. 
Moreover, the position of 4.25mm and a nodal line 6 is determined for the radius of a nodal circle 7 by 
the boundary line of a polarized electrode. The pressure-up ratio and output power of a piezoelectric 
transformer which are demanded determine the number of laminatings of the input section and the 
output section. The number of laminatings of I/O of the transformer of the example of a gestalt of this 
operation is 6, respectively. 

[0012] When load resistance is 80ohms, the output power from 295kHz to 3 1 5kHz of drive frequency 
and the property of efficiency are shown in drawing 2 . P2 of a vertical axis means the output power of 
the secondary of a transformer. The maximum output power of 17W and 95% of the maximum 
efficiency were acquired. 

[0013] Next, in order to excite high order incurvation oscillation mode B (1 4) (four nodal lines, one 
nodal circle), the piezo-electric ceramic disk 1 was polarized like drawing 3 , and the laminating type 
piezoelectric transformer consisted of examples of a gestalt of the 2nd operation of this invention by the 
method of the example of a gestalt the 1st operation. This piezoelectric transformer operates by 
incurvation oscillation mode B (1 4), and is supported like the example of a gestalt of the 1st operation 
at eight crossings of a nodal line 6 and a nodal circle 7. Moreover, the radius of the nodal circle 7 in B (1 
4) mode is 4.35mm. 

[0014] When load resistance is 80ohms, the output power from 410kHz to 430kHz of drive frequency 
and the property of efficiency are shown in drawing 4 . The maximum output power of 22W and 96% of 
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the maximum efficiency were acquired. 

[0015] Then, in order to excite high order incurvation oscillation mode B (1 5) (five nodal lines, one 
nodal circle), the piezo-electric ceramic disk 1 was polarized like drawing 5 , and the laminating type 
piezoelectric transformer consisted of examples of a gestalt of the 3rd operation of this invention by the 
method of the example of a gestalt the 1st operation. This piezoelectric transformer operates by 
incurvation oscillation mode B (1 5), and is supported like the example of a gestalt of the 1st operation 
at ten crossings of a nodal line 6 and a nodal circle 7. Moreover, the radius of the nodal circle 7 in B (1 
5) mode is 4.35mm. 

[0016] When load resistance is 80ohms, the output power from 535kHz to 555kHz of drive frequency 
and the property of efficiency are shown in drawing 6 . The maximum output power of 25W and 94% of 
the maximum efficiency were acquired. 

[0017] In the example of a gestalt of each operation of this invention, although the piezo-electric 
ceramic disk was used, even if it uses the piezo-electric ceramic board of a symmetry -of-revoluti on 
configuration like a square, a transformer can be constituted similarly. 
[0018] 

[Effect of the Invention] According to this invention, by using the high order incurvation oscillation 
mode of a piezo-electric ceramic disk, loss of mechanical vibration energy can support a laminating type 
piezoelectric transformer, and can take out lead wire so that small so that clearly from the above 
explanation. Moreover, the explanation mentioned above uses the incurvation oscillation modes B (1 3), 
B (1 4), and B (1 5), and although it is a thing about a laminating type piezoelectric transformer with the 
transformation ratio of 1 : 1, when a mode number and a transformation ratio change, it can expect the 
same effect. 



[Translation done.] 
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